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statement under Artic.e 35(2) with regard to novelty, inventive step or 
rndustrial aPPHcab« i .y ; citations and explanations supporting such statement 

1 Reference is made to the following document: 

D3: WO-A-97/06549 (Tuck et al.] - cited in application 

2 , Claim 1 discloses a method of forming a field electron emission material. Such 
' materials are known in the prior art (see D3). The process steps according to 

claim 1 and evident in D3 comprise disposing on a substrate having electnca 
conduct ve surface a plura.ity of electrically conductive panicles, each w, a layer 
of electrically insulating material disposed either in a firs, looatton between said 
oonduo e surface and said particle, or in a second location between said particle 
and the environment in which the field electron emission materia, ,s disposed (see 
fig.3 of D3). 

,n addition, claim t discloses the steps of ensuring that the electrically insulating 
material is not deposited at both the first and second locations and that the 
patles form electron emission sites a, said firs, or second locations w .ere said 
electrically insulating material is disposed. These steps are not known from D3. 
hence the subiect-matter of claim 1 is novel (Article 33(2) PCT). 

The problem solved by these novel process steps is to produce an emitter 
achieving metal-insulator-vaouum emission in a controlled manner. The novel 
STo< claim 1 tor achieving this are not obvious with respect to the known pnor 
art, thus the subject-matter of claim 1 appears to involve an Inventive step 
(Article 33(3) PCT). 

2 2 Claims 2-35 disclose process steps additional to those of claim 1 and hence the 
subiect-matter of these claims is likewise novel and inventive. 

2 3 Claim 36 discloses a field electron emission material produced by the method 
according to claim 1 . No prior art electron emission materia, is known to have the 
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structure resulting from the steps of claim 1 . For example, even ^»*° 3 
discloses a field electron emission material where emission occurs at the interface 
b tween particle and an electrically insulating materia,, it should be notec ha, the 
^nsIL material is disposed a. both the firs, and second locat.ons, con, ary to 
Tetatures of Cairn 36. Nor is i, obvious to exclude one or the other locahons. 
Hence the subject-matter of claim 36 is both novel and invent.ve. 

Claims 37-59 disclose features additional to those of claim 36 and hence the 
subject-matter o, these claims is likewise novel and inventive. 



PCT/Separatt Sh.«tM09 <She«t2) (EPO- April 1997) 



Latham and Mousa (J. Pby,D: Appl. Pbys. 19, pp 699-713 (1986)) 
describe composite metal-msulator tip-based emitters using the above hot 
electron process and in 1988 S Bajic and R V Latham, ijo.mal ofPhysxsD 
AppUed Pby.cs, vol. 21 200-204 (1988)), described a composite that created a 
6 high densrtv of metai-tnsulator-metal-insulator-vacuum (MMW) enutung 
sites The composite had conducting particles dispersed in an epoxy resm. 
The coating was applied to the surface by standard spin coating techmques. 

Much later in !995 Tuck, Taylor and Latham (GB 2304989) 
imp roved the above MIMIV emitter by replacing the epoxy resin wtth an 
10 inorganic insulator that both improved stability and enabled a to be 
operated in sealed off vacuum devices. 

AH of the inventions described above rely on hot electron field 
enussion of the type responsible for pre-breakdown currents but, so far, no 
method has yet been proposed to produce emitters with a plurahty of 
15 conducting particle MIV emitters in a controlled manner. 

Preferred embodiments of the present invention aim to provide 
cost effective broad area field emitting materials and devices. The materials 
may be used in devices that include, field electron emission display panels; 
high power pulse devices such as electron MASERS and gyrotrons; crossed- 
20 field microwave tubes such as CFAs; linear beam tubes such as klystrons; 
flash x-ray tubes; triggered spark gaps and related devices; broad area x-ray 
sources for sterilisation; vacuum gauges; ion thrusters for space velncles; 
particle accelerators; ozonisers; and plasma reactors. 

According to a first aspect of the present invention there is 
25 provided a method of forming a field electron emisston material, 
comprising the step of disposing on a substrate having an electrically 
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conductive surface a plurality of electrically conductive particles, each with 
a layer of electrically insulating material disposed either in a first location 
between said conductive surface and said particle, or in a second location 
between said particle and the environment in which the field electron 
emission material is disposed, but not in both of said first and second 
locations, such that at least some of said particles form electron emission 
sites" at said first or second locations where said electrically insulating 
material is disposed. 

Thus in preferred embodiments of the invention, an emitter 
may be formed so that a MIV channel is either at the base or the top of the 
particle If the MIV channel is at the base, as in Figure la, the antenna 
effect enhances the electric field across the channel according to the ratio of 
particle height normal to the surface and insulator thickness. However, it 
is equally possible to form a MTV channel on the top of the pamcle by 
overcoating a particle in electrical contact with the surface with an 
insulating layer. In this case the field enhancement is based upon the 
particle shape. For all reasonable particle shapes, one Will typically be 
limited to a field enhancement factor of approximately ten. The 
arrangement with the lower channel will usually give the lowest switch-on 
field The arrangement with the channel on top can be far more robust and 
would find application in pulsed power devices where high electric fields 
and large electrostatic forces are the norm and very high current densities 
are required. 

Preferably the dimension of said particles normal to the surface 
of the conductor is significantly greater than the thickness of said layer of 
insulating material. 

Preferably, said dimension substantially normal to the surface of 
said particle is at least 10 times greater than said thickness. 
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A field electron euusston Lice as above may comprise a display 

A field electron emtssion dev 1C e as above may comprise a lamp. 
Preferably, said lamp is substantially flat. 

A field electron emission device as above may comprise an 
electrode plate supported on insulating spacers in tbe form of a cross-shaped 
structure. 

The field electron emission material may be applied in patches 
which are connected in use to an applied cathode voltage via a reststor. 

Preferably, said resistor is applied as a resistive pad under each 
emitting patch. 

A respective said resistive pad may be provided under each 
emitting patch, such that the area of each such resistive pad is greater than 
that of the respective emitting patch. 

Preferably, said emitter material and/or a phosphor is/are 
disposed upon one or more one-dtmensional array of conductive tracks 
which are arranged to be addressed by electronic driving means so as to 
produce a scanning illuminated line. 

Such a field electron emission device may include said electronic 
20 driving means. 

The environment may be gaseous, liquid, solid, or a vacuum. 
A field electron emission device as above may include a gettering 
material within the device. 
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requirements of the invention - for example, by aligning such particulates, 
making them of sufficient Size and density, etc. In the manufacture of thin- 
film diamond, the trend in the art has been emphatically to annum* 
graphite inclusions, whereas, m appropnate embodiments of the mvenuon, 
; such surface particulates are deliberately included and carefully engmeered. 

An important feature of some embodiments of the invention is 
the ability to print an emitting pattern, thus enabling complex multi- 
emitter patterns, such as those required for displays, to be created at modest 
cost Furthermore, the ability to print enables low-cost substrate materials, 
,0 such as glass to be used; whereas micro-engineered structures are typically 
built on high-cost single crystal substrates. In the context of this 
specification, printing means a process that places or forms an emitting 
material in a defined pattern. Examples of suitable processes are: screen 
printing, Xerography, photolithography, electrostatic deposition, spraying 
15 or offset lithography. 

Devices that embody the invention may be made in all sizes, 
large and small. This applies especially to displays, which may range from a 
single pixel device to a multi-pixel device, from miniature to macro-size 
displays. 

20 In this specification, by a "channel" or "conducting channel" , we 

mean a region of an insulator where its properties have been locally 
modified - for example, by some forming process. In the example of a 
conductor-insulator-vacuum (e.g. IfflV) structure, such a modification 
facilitates the transport of electrons from the back contact (between 

25 conductor/electrode and insulator), through the insulator into the vacuum. 
In the example of a conductor-msulator-conductor (e.g. MIM) structure, 

AMENDED SHEET 
- iPEA/EP 



such a mod.ftcat.on faciHta.es the transport of eleettons from the back 
contact, through the insulator to the other condnctor/electrode. 

In tins spectf.cat.on, the verb -comprise" has its normal 
d.ctionary meanmg, to denote non-exclusive mclusion. That ts, use of the 
word "comprise" (or any of hs derivatives) to include one feature or more, 
does not exclude the possibility of also including further features. 
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A method of forming a field electron emission material, comprising 
the step of disposing on a substrate having an electrically conductive 
surface a plurality of electrically conductive particles, each with a 
layer of electrically insulating material disposed either in a first 
location between said conductive surface and said particle, or in a 
second location between said particle and the environment in which 
the field electron emission material is disposed, but not in both of 
said first and second locations, such that at least some of said 
particles form electron emission sites at said first or second locations 
where said electrically insulating material is disposed. 

A method according to claim 1, wherein the dimension of said 
particles normal to the surface of the conductor is significantly 
greater than the thickness of said layer of insulating material. 

A method according to claim 2, wherein said dimension substantially 
normal to the surface of said particle is at least 10 times greater than 
said thickness. 

A method according to claim 3, wherein said dimension substantially 
normal to the surface of said particle is at least 100 times greater than 
each said thickness. 

A method according to any of claims 1 to 4, wherein the thickness of 
said insulating material is in the range 10 nm to 100 nm (100 A to 
1000 A) and said particle dimension is in the range lum to 10 jim. 
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A method according to any of claims 1 to 5, wherein there is 
provided a substantially single layer of said conducive pamcles each 
having their dimension substantially normal to the surface in the 
range 0.1 urn to 400 urn. 

A method according to any of the preceding claims, wherein said 
insulating material comprises a material other than diamond. 
A method according to any of the preceding claims, wherein said 
insulating material is an inorganic material. 

A method according to any of the preceding claims, wherein said 
insulating material comprises a glass, lead based glass, glass ceramic, 
melted glass or other glassy material, ceramic, oxide ceramic, 
oxidised surface, nitride, nitrided surface, boride ceramic, diamond, 
diamond-like carbon or tetragonal amorphous carbon. 

A method according to any of the preceding claims, wherein each 
said electrically conductive particle is substantially symmetrical. 

A method according to any of the preceding claims, wherein each 
said electrically conductive particle is of substantially rough-hewn 

cuboid shape. 

A method according to any of claims 1 to 10, wherein each said 
electrically conductive particle is of substantially spheroid shape 
with a textured surface. 

A method according to any of claims 1 to 11, wherein said 
conductive particles each have a longest dimension and are 
preferentially aligned with their longest dimension substantially 

normal to the substrate. 
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A method according to any of the preceding claims, wherein said 
conductive particles having a mutual spacing, centre-to-centre, of at 
least 1.8 times their smallest dimension. 

A method accordmg to any of the preceding claims, wherein each 
said particle is, or at least some of said particles are, selected from the 
group comprising metals, semiconductors, electrical conductors, 
graphite, silicon carbide, tantalum carbide, hafnium carbide, 
zirconium carbide, boron carbide, titanium diboride, titanium 
carbide, titanium carbonitride, the Magneh sub-oxides of titanium, 
semi-conducting silicon, IE-V compounds and H-VI compounds. 

A method according to any of the preceding claims, wherein each 
said particle, or at least some of said particles, are only partially 
covered in said insulating material, and each such particle comprises 
a gettering material. 

A method according to any of the preceding claims, wherein said 
surface is coated with said particles by means of an ink containing 
said particles and said insulating material to form said insulating 
layer, the properties of said ink being such that said particles have 
portions which are caused to project from said insulating material, 
uncoated by the insulating material, as a result of the coating process. 

A method according to claim 17, wherein said ink is applied to said 
electrically conductive surface by a printing process. 

A method according to any of the preceding claims, wherein said 
electrically conductive particles and/or electrically insulating 
material are applied to said electrically conductive substrate in a 
photosensitive binder to permit later patterning. 
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20 A method accordmg to any of the preceding claims, wherem sa>d 
msulatmg material is formed by the step of faring, sintenng or 
otherw.se joining together a nuxture of particles or » situ chemrcal 
reaction. 

21 A method according to claim 20, wherein the insulating material 
comprises a glass, glass ceramic, ceramic, oxrde cerarmc, oxtde, 
nitride, boride, diamond, polymer or resin. 

22 A method according to any of the preceding clarms, wherein each 
said electrically conductive particle comprises a fibre chopped mto a 

0 length longer than its diameter. 

23 A method accordmg to any of claims 1 to 21, wherein said particles 
are formed by the deposition of a conducting layer upon sard 
insulating layer and subsequent patterning, either by selective 
etching or masking, to form isolated islands that function as sard 

15 particles. 

24. A method according to any of claims 1 to 21, wherein said particles 
are applied to said conductive surface by a spraying process. 

25. A method according to any of claims 1 to 21, wherein said 
conductive particles are formed by depositing a layer that 
subsequently crazes, or is caused to craze, into substanually 
electrically isolated raised flakes. 

26 A method accordmg to claim 23, 24 or 25, wherein said conducting 
layer comprise, a metal, conducting element or compound, 
semiconductor or composite. 
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A met hod according to any of the preceding claims, wherein the 
distribution of said sites over the field electron emission material ,s 

random. 

A method according to any of the preceding claims, wherein said sites 
are distributed over the field electron emission material at an average 
density of at least 10 2 cm 2 . 

A method according to any of the preceding claims, wherein said sites 
are distributed over the field electron emission material at an average 
density of at least 10 2 cm 1 , 10< cm' 2 orlO s cm 2 . 

A method according to any of the preceding claims, wherein the 
distribution of said sites over the field electron emission material is 
substantially uniform. 

A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material has a uniformity such that 
the density of said sites in any circular area of 1mm diameter does 
not vary by more than 20% from the average density of distribution 
of sites for all of the field electron emission material. 
A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material when using a circular 
measurement area of 1 mm in diameter is substantially Binomial or 
Poisson. 

A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material has a uniformity such that 
there is at least a 50% probability of at least one emitting site being 
located in any circular area of 4 /im diameter. 
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34 A method accords to claim 30, wherein the distribution of said sites 
over the field electron etn.ss.on material has a uniformity such that 
there is at least a 50% probability of at least one emitting site being 
located in any circular area of 10 ^m diameter. 
35 A method according to any of the preceding claims, including the 
preliminary step of classifying said particles by passing a hould 
containing pamcles through a settling tank in which particles over a 
predetermined size settle such that liquid output from said tank 
contains particles which are less than said predetermined size and 
, which are then coated on said substrate. 

36. A field electron emission material produced by a method according 
to any of the preceding claims. 

37 A field electron emission device comprising a field electron emission 
material according to claim 36 and means for subjecting said material 
to an electric field in order to cause said material to emit electrons. 

38 A field dectron emission device according to claim 37, comprising a 
substrate with an array of emitter patches of said field electron 
emission material, and control electrodes with aligned arrays of 
apertures, which electrodes are supported above the emitter patches 

20 by insulating layers. 

A field electron emission device according to claim 38, wherein sard 

apertures are in the form of slots. 

A field electron emission device according to any of claims 37 to 39, 
comprising a plasma reactor, corona discharge device, silent 
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^charge dev.ce, ozoniser, an electron source, electron gun, electron 
dev.ce, x-ray tube, vacuum gauge, gas filled dev.ce or ion thruster. 

A field electron emission device according to any of clatms 37 to 40, 
wherein the field electron emission material supplies the total 
5 current for operation of the device. 

42 - A field electron emission device according to any of claims 37 to 40, 
wherein the field electron ermssion material supplies a starting, 
triggering or priming current for the device. 

43. A field electron emission device according to any of claims 37 to 42, 
10 comprising a display device. 

44 . A field electron emission devtce according to any of claims 37 to 42, 
comprising a lamp. 

45. A field electron emission device according to claim 44, wherem said 
lamp is substantially flat. 

15 46 A field electron emission device according to any of claims 37 to 45, 
comprising an electrode plate supported on insulating spacers in the 
form of a cross-shaped structure. 

47. A field electron emission device according to any of claims 37 to 46, 
wherein, the field electron emission material is applied in patches 
which are connected in use to an applied cathode voltage via a 



resistor. 



48. 



A field electron emission device according to claim 47, wherein said 
resistor is applied as a resistive pad under each emitting patch. 
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50. 



A field electron emission device according to claim 48 
t ecrrve said resistive pad , provided under each emitting pat , 

respective emitting patch. 

A field electron emission device according to any of claims 37 to 49 
irem said emitter material and/or a 

up on one or more one-dimensronal array of conductive tracks whi h 
I arranged to be addressed by electronic driving means so as 
produce a scanning illuminated line. 

A field electron emission device according to claim 50, including sard 
electronic driving means. 

A field electron emission device according to any of clarms 37 to 51. 
herein said environment is gaseous, liquid, solid, or a vacuum. 
A field electron emission device according to any of clarms 37 to 52, 
including a gettering material within the device. 

A field electron emission device according to claim 53, wherein said 
gettering material is affixed to an anode of the device. 
A field electron emission device according to claim 53 or 54, wherein 
sai d gettering material may be affixed to a cathode of the device. 
20 56 A field electron emission device according to claim 55, wherein said 
fidd electron emission material is arranged m patches, and sard 
gettering material is disposed within said patches. 
A field electron emission device according to claim 53, comprising an 
ode, a cathode, spacer sites on said anode and cathode, spacers 



10 51. 
52. 
53 
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54. 
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57. 
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A 
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■ ocated at at ^ so. of -id spacer sites to space -id anode ^ 
sald cathode, and satd gettenng material located on sard anode 
others of said spacer sites where spacers are not located. 
A field electron emission device according to clattn 57, wherein said 
spacer sites are at a regular or periodic mutual spacing. 
-A field electron emission device according to any of claims 37 to 58, 
wherein a cathode of the device is optical* translucent and so 
ranged m relation to an anode of the devtce that electrons emitted 
from the cathode impinge upon the anode to cause electro- 
lum inescence at the anode, which electro-luminescence is visible 
through the optically translucent cathode. 
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Latham and Mousa (/. ^ ^ 19 > PP 6 "- ?13 (1986)) 

describe composite metal-insulator tip-based emitters using the above hot 
electron process and in 1988 S Bajic and R V Latham, {Journal of Physics D 
Applied Physics, vol. 21 200-204 (1988)), described a composite that created a 
high density of metal-insulator-metal-insulator-vacuum (MIMIV) emitting 
sites. The composite had conducting particles dispersed in an epoxy resin. 
The coating was applied to the surface by standard spin coating techniques. 

Much later in 1995 Tuck, Taylor and Latham (GB 2304989) 
improved the above MIMIV emitter by replacing the epoxy resin with an 
inorganic insulator that both improved stability and enabled it to be 
operated in sealed off vacuum devices. 

All of the inventions described above rely on hot electron field 
emission of the type responsible for pre-breakdown currents but, so far, no 
method has yet been proposed to produce emitters with a plurality of 
conducting particle MIV emitters in a controlled manner. 

Preferred embodiments of the present invention aim to provide 
cost effective broad area field emitting materials and devices. The materials 
may be used in devices that include: field electron emission display panels; 
high power pulse devices such as electron MASERS and gyrotrons; crossed- 
field microwave tubes such as CFAs; linear beam tubes such as klystrons; 
flash x-ray tubes; triggered spark gaps and related devices; broad area x-ray 
sources for sterilisation; vacuum gauges; ion thrusters for space vehicles; 
particle accelerators; ozonisers; and plasma reactors. 

According to a first aspect of the present invention there is 
5 provided a method of forming a field electron emission material, 
comprising the step of coating a substrate having an electrically conductive 
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surface with a plurality of electrically conductive particles, each with a 
layer of electrically insulating material disposed either in a first location 
between said conductive surface and said particle, or in a second location 
between said particle and the environment in which the field electron 
emission material is disposed, but not in both of said first and second 
locations, such that at least some of said particles form electron emission 
sites at said first or second locations. 

Thus, in preferred embodiments of the invention, an emitter 
may be formed so that a MIV channel is either at the base or the top of the 
particle. If the MIV channel is at the base, as in Figure la, the antenna 
effect enhances the electric field across the channel according to the ratio of 
particle height normal to the surface and insulator thickness. However, it 
is equally possible to form a MIV channel on the top of the particle by 
overcoating a particle in electrical contact with the surface with an 
5 insulating layer. In this case the field enhancement is based upon the 
particle shape. For all reasonable particle shapes, one will typically be 
limited to a field enhancement factor of approximately ten. The 
arrangement with the lower channel will usually give the lowest switch-on 
field. The arrangement with the channel on top can be far more robust and 
>0 would find application in pulsed power devices where high electric fields 
and large electrostatic forces are the norm and very high current densities 
are required. 

Preferably the dimension of said particles normal to the surface 
of the conductor is significantly greater than the thickness of said layer of 
25 insulating material. 

Preferably, said dimension substantially normal to the surface of 
said particle is at least 10 times greater than said thickness. 
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A field electron emission device as above may comprise a display 

device. 

A field electron emission device as above may comprise a lamp. 
Preferably, said lamp is substantially flat. 

A field electron emission device as above may comprise an 
electrode plate supported on insulating spacers in the form of a cross-shaped 
structure. 

The field electron emission material may be applied in patches 
which are connected in use to an applied cathode voltage via a resistor. 

0 Preferably, said resistor is applied as a resistive pad under each 

emitting patch. 

A respective said resistive pad may be provided under each 
emitting patch, such that the area of each such resistive pad is greater than 
that of the respective emitting patch. 

, 5 Preferably, said emitter material and/or a phosphor is/ are coated 

upon one or more one-dimensional array of conductive tracks which are 
arranged to be addressed by electronic driving means so as to produce a 
scanning illuminated line. 

Such a field electron emission device may include said electronic 
20 driving means. 

The environment may be gaseous, liquid, solid, or a vacuum. 

A field electron emission device as above may include a gettering 
material within the device. 
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such a modification facilitates the transport of electrons from the back 
contact, through the insulator to the other conductor/electrode. 

In this specification, the verb "comprise" has its normal 
dictionary meaning, to denote non-exclusive inclusion. That is, use of the 
word "comprise" (or any of its derivatives) to include one feature or more, 
does not exclude the possibility of also including further features. 

The reader's attention is directed to all papers and documents 
which are filed concurrently with or previous to this specification in 
connection with this application and which are open to public inspection 
with this specification, and the contents of all such papers and documents 
are incorporated herein by reference. 

All of the features disclosed in this specification (including any 
accompanying claims, abstract and drawings), and/or all of the steps of any 
method or process so disclosed, may be combined in any combination, 
except combinations where at least some of such features and/or steps are 
mutually exclusive. 

Each feature disclosed in this specification (including any 
accompanying claims, abstract and drawings), may be replaced by 
alternative features serving the same, equivalent or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly stated otherwise, each 
feature disclosed is one example only of a generic series of equivalent or 
similar features. 

The invention is not restricted to the details of the foregoing 
embodiments). The invention extends to any novel one, or any novel 
25 combination, of the features disclosed in this specification (including any 



20 
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accompanying claims, abstract and drawings), or to any novel one, or any 
novel combination, of the steps of any method or process so disclosed. 
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CLAIMS 

1. A method of forming a field electron emission material, comprising 
the step of coating a substrate having an electrically conductive 
surface with a plurality of electrically conductive particles, each with 
a layer of electrically insulating material disposed either in a first 
location between said conductive surface and said particle, or in a 
second location between said particle and the environment in which 
the field electron emission material is disposed, but not in both of 
said first and second locations, such that at least some of said 
particles form electron emission sites at said first or second locations. 

2. A method according to claim 1, wherein the dimension of said 
particles normal to the surface of the conductor is significantly 
greater than the thickness of said layer of insulating material. 

3. A method according to claim 2, wherein said dimension substantially 
normal to the surface of said particle is at least 10 times greater than 
said thickness. 

4. A method according to claim 3, wherein said dimension substantially 
normal to the surface of said particle is at least 100 times greater than 
each said thickness. 

5. A method according to any of claims 1 to 4, wherein the thickness of 
said insulating material is in the range 10 nm to 100 nm (100 A to 
1000 A) and said particle dimension is in the range lum to 10 urn. 

6. A method according to any of claims 1 to 5, wherein there is 
provided a substantially single layer of said conductive particles each 
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having their dimension substantially normal to the surface in the 
range 0.1 um to 400 um. 

7. A method according to any of the preceding claims, wherein said 
insulating material comprises a material other than diamond. 

j 8. A method according to any of the preceding claims, wherein said 
insulating material is an inorganic material. 

9. A method according to any of the preceding claims, wherein said 
insulating material comprises a glass, lead based glass, glass ceramic, 
melted glass or other glassy material, ceramic, oxide ceramic, 
0 oxidised surface, nitride, nitrided surface, boride ceramic, diamond, 

diamond-like carbon or tetragonal amorphous carbon. 

10. A method according to any of the preceding claims, wherein each 
said electrically conductive particle is substantially symmetrical. 

11. A method according to any of the preceding claims, wherein each 
15 said electrically conductive particle is of substantially rough-hewn 

cuboid shape. 

12. A method according to any of claims 1 to 10, wherein each said 
electrically conductive particle is of substantially spheroid shape 
with a textured surface. 

20 13. A method according to any of claims 1 to 11, wherein said 
conductive particles each have a longest dimension and are 
preferentially aligned with their longest dimension substantially 
normal to the substrate. 



- PCT/GB98/03582 

WO 99/28939 



-35- 

14. A method according to any of the preceding claims, wherein said 
conductive particles having a mutual spacing, centre-to-centre, of at 
least 1.8 times their smallest dimension. 

15. A method according to any of the preceding claims, wherein each 
5 said particle is, or at least some of said particles are, selected from the 

group comprising metals, semiconductors, electrical conductors, 
graphite, silicon carbide, tantalum carbide, hafnium carbide, 
zirconium carbide, boron carbide, titanium diboride, titanium 
carbide, titanium carbonitride, the Magneli sub-oxides of titanium, 
10 semi-conducting silicon, III-V compounds and II-VI compounds. 

16. A method according to any of the preceding claims, wherein each 
said particle, or at least some of said particles, are only partially 
covered insaid insulating material, and each such particle comprises a 
gettering material. 

15 17. A method according to any of the preceding claims, wherein said 
surface is coated with said particles by means of an ink containing 
said particles and said insulating material to form said insulating 
layer, the properties of said ink being such that said particles have 
portions which are caused to project from said insulating material, 

20 uncoated by the insulating material, as a result of the coating process. 

18. A method according to claim 17, wherein said ink is applied to said 
electrically conductive surface by a printing process. 

19. A method according to any of the preceding claims, wherein said 
electrically conductive particles and/or electrically insulating 

25 material are applied to said electrically conductive substrate in a 

photosensitive binder to permit later patterning. 
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20. A method according to any of the preceding claims, wherein said 
insulating material is formed by the step of fusing, sintering or 
otherwise joining together a mixture of particles or in situ chemical 
reaction. 

21. A method according to claim 20, wherein the insulating material 
comprises a glass, glass ceramic, ceramic, oxide ceramic, oxide, 
nitride, boride, diamond, polymer or resin. 

22. A method according to any of the preceding claims, wherein each 
said electrically conductive particle comprises a fibre chopped into a 
length longer than its diameter. 

23. A method according to any of claims 1 to 21, wherein said particles 
are formed by the deposition of a conducting layer upon said 
insulating layer and subsequent patterning, either by selective 
etching or masking, to form isolated islands that function as said 
particles. 

24. A method according to any of claims 1 to 21, wherein said particles 
are applied to said conductive surface by a spraying process. 

25. A method according to any of claims 1 to 21, wherein said 
conductive particles are formed by depositing a layer that 

D subsequently crazes, or is caused to craze, into substantially 

electrically isolated raised flakes. 

26. A method according to claim 23, 24 or 25, wherein said conducting 
layer comprises a metal, conducting element or compound, 
semiconductor or composite. 
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27. A method according to any of the preceding claims, wherein the 
distribution of said sites over the field electron emission material is 
random. 

28. A method according to any of the preceding claims, wherein said sites 
are distributed over the field electron emission material at an average 
density of at least 10 2 cm 2 . 

29. A method according to any of the preceding claims, wherein said sites 
are distributed over the field electron emission material at an average 
density of at least 10 3 cm 2 , 10 4 cm" 2 orlO 5 cm" 2 . 

30. A method according to any of the preceding claims, wherein the 
distribution of said sites over the field electron emission material is 
substantially uniform. 

31. A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material has a uniformity such that 
the density of said sites in any circular area of 1mm diameter does 
not vary by more than 20% from the average density of distribution 
of sites for all of the field electron emission material. 

32. A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material when using a circular 
measurement area of 1 mm in diameter is substantially Binomial or 
Poisson. 

33. A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material has a uniformity such that 
there is at least a 50% probability of at least one emitting site being 

5 located in any circular area of 4 fim diameter. 
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34. A method according to claim 30, wherein the distribution of said sites 
over the field electron emission material has a uniformity such that 
there is at least a 50% probability of at least one emitting site being 
located in any circular area of 10 fim diameter. 

i 35. A method according to any of the preceding claims, including the 
preliminary step of classifying said particles by passing a liquid 
containing panicles through a settling tank in which particles over a 
predetermined size settle such that liquid output from said tank 
contains particles which are less than said predetermined size and 

0 which are then coated on said substrate. 

36. A method of forming a field electron emission material, substantially 
as hereinbefore described with reference to the accompanying 
drawings. 

37. A field electron emission material produced by a method according 
15 to any of the preceding claims. 

38. A field electron emission device comprising a field electron emission 
material according to claim 37 and means for subjecting said material 
to an electric field in order to cause said material to emit electrons. 

39. A field electron emission device according to claim 38, comprising a 
20 substrate with an array of emitter patches of said field electron 

emission material, and control electrodes with aligned arrays of 
apertures, which electrodes are supported above the emitter patches 
by insulating layers. 
40. A field electron emission device according to claim 39, wherein said 
25 apertures are in the form of slots. 
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41. A field electron emission device according to any of claims 38 to 40, 
comprising a plasma reactor, corona discharge device, silent 
discharge device, ozoniser, an electron source, electron gun, electron 
device, x-ray tube, vacuum gauge, gas filled device or ion thruster. 

5 42. A field electron emission device according to any of claims 38 to 41, 
wherein the field electron emission material supplies the total 
current for operation of the device. 

43. A field electron emission device according to any of claims 38 to 41, 
wherein the field electron emission material supplies a starting, 

10 triggering or priming current for the device. 

44. A field electron emission device according to any of claims 38 to 43, 
comprising a display device. 

45. A field electron emission device according to any of claims 38 to 43, 
comprising a lamp. 

15 46. A field electron emission device according to claim 45, wherein said 
lamp is substantially flat. 

47. A field electron emission device according to any of claims 38 to 46, 
comprising an electrode plate supported on insulating spacers in the 
form of a cross-shaped structure. 

20 48. A field electron emission device according to any of claims 38 to 47, 
wherein, the field electron emission material is applied in patches 
which are connected in use to an applied cathode voltage via a 
resistor. 
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49. A field electron emission device according to claim 48, wherein said 
resistor is applied as a resistive pad under each emitting patch. 

50. A field electron emission device according to claim 49, wherein a 
respective said resistive pad is provided under each emitting patch, 
such that the area of each such resistive pad is greater than that of the 
respective emitting patch. 

51. A field electron emission device according to any of claims 38 to 50, 
wherein said emitter material and/or a phosphor is/are coated upon 
one or more one-dimensional array of conductive tracks which are 
arranged to be addressed by electronic driving means so as to 
produce a scanning illuminated line. 

52. A field electron emission device according to claim 51, including said 
electronic driving means. 

53. A field electron emission device according to any of claims 38 to 52, 
wherein said environment is gaseous, liquid, solid, or a vacuum. 

54. A field electron emission device according to any of claims 38 to 53, 
including a gettering material within the device. 

55. A field electron emission device according to claim 54, wherein said 
gettering material is affixed to an anode of the device. 

56. A field electron emission device according to claim 54 or 55, wherein 
said gettering material may be affixed to a cathode of the device. 

57. A field electron emission device according to claim 56, wherein said 
field electron emission material is arranged in patches, and said 
gettering material is disposed within said patches. 
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58. A field electron emission device according to claim 54, comprising an 
anode, a cathode, spacer sites on said anode and cathode, spacers 
located at at least some of said spacer sites to space said anode from 
said cathode, and said gettering material located on said anode at 
others of said spacer sites where spacers are not located. 

59. A field electron emission device according to claim 58, wherein said 
spacer sites are at a regular or periodic mutual spacing. 

60. A field electron emission device according to any of claims 38 to 59, 
wherein a cathode of the device is optically translucent and so 
arranged in relation to an anode of the device that electrons emitted 
from the cathode impinge upon the anode to cause electro- 
luminescence at the anode, which electro-luminescence is visible 
through the optically translucent cathode. 

61. A field electron emission device substantially as hereinbefore described 
with reference to the accompanying drawings. 



